Anti-fog films of low density polyethylene (LDPE) modified with micrometer diatomite were prepared by a process of blow molding. Through examination of antifogging property of the film added the anti-fog agents, the modification effectiveness of inorganic micrometer diatomite and the influence of different treating agents were studied with Fourier transform infrared spectrometer (FTIR), mechanical properties, and antifogging performances. The results indicate that the anti-fog property of the film can be improved by premixing inorganic micrometer diatomite with the anti-fog agents; the film modified by inorganic micrometer diatomite added surface treatment agent has obviously effectiveness anti-fog properties than that the films modified only by the anti-fog agents. Addition of polyacrylamide can make the anti-fog durability of the films modified by inorganic micrometer diatomite be further prolonged. It was observed that the tensile strength does not show any decrease, however, elongation at break show a massive decreased.
Introduction
In the past few decades, the use of plastic films for greenhouses has gained prominence across the world [1] . The advantages offered by them such as flexibility, toughness, light-weight, translucency, low cost, hydrophobic nature, and durability, make plastic films the most preferred material for covering of greenhouses.
Proper light transmission filtering is essential for optimized growth of the crops inside the greenhouse. The photosynthesis activity in plants is directly proportional to the amount of light. Higher light transmission enhances the growth of plants. Therefore it is crucial to select the right combination of polymer and specialty additives, to get maximum light transmission. This is more significant for greenhouses located in colder climates where availability of daylight is limited.
In the field of agriculture film for greenhouses, whereby polymer films are used for covering, and where film clarity or good optical properties are desired, there is a recognized need for polymer films which resist fogging when exposed to conditions of temperature and humidity which can produce condensation on the film. This condensation is especially troublesome when the interior of the film contains enough moisture to produce fogging of the interior surface of the film. Water droplets forming inside due to condensation causes hindrance to proper light transmission and falling water droplets cause spots and diseases on the crops.
In order to prevent water from condensing in droplets, an anti-fog agent is often added to the film. The anti-fog agents raise the surface energy of the film, reduce the surface tension of the water and cause the water to form a continuous sheet, which is then transparent. A great number of anti-fog agents have been suggested as additives to films, for example various glycerol eaters of fatty acids have been used as antifogging agents for polyolefin films [2] .
In this article, we prepared LDPE film with antifog agent by using inorganic micrometer diatomite as support in a twin-screw extruder, and estimated the antifogging properties of the obtained polymer films.
Experimental
Materials and Preparation of Antifogging Film. A low-density polyethylene (LDPE) with a melt flow index (MFI) value of 2.4 (190 °C / 2.16 kg) and 0.921 g.cm -3 density was melt blended in a twin screw extruder with 0.5, 1, 1.5, 2 and 3% by weight of an antifogging agent. The composition of the antifogging agent was a mixture of an inorganic micrometer diatomite (supplied by Tianfu Diatomite Co., Ltd) and cetyl trimethyl ammonium bromide (CTAB, supplied by Sinopharm Chemical Reagent Co.,Ltd), polyacrylamide (supplied by Shenyang Xinxing Chemical Reagent Factory) and a self-made ester. The film was formed at about 0.09 mm on a film blowing unit. A blow-up ratio of 5:1 was used to prepare the films. The extruder profile was set at 220, 220, 200 and 180 o C with a die temperature of 220 °C. The antifogging properties of the film were tested by the following methods. For comparison purposes, the LDPE (without the antifogging agent additives) was also tested.
Mechanical Properties Testing. The mechanical properties, tensile strength and elongation at break, were studied using a Universal Testing Machine (RGM-2020/2030, Shenzhen Reger Instrument Co., Ltd. China). The tensile strength of the films in both MD (machine direction) and TD (transverse direction) was determined according to ASTMD 882. Samples with a gauge length of 100 mm and width of 10 mm were cut from the films for tensile strength measurements as per ASTM 882-85. The speed of testing was 100mm.min -1 . The tests were undertaken in an air-conditioned environment at 20 °C and a relative humidity of 65%. Five samples were tested for each experiment and the average value has been reported.
FT-IR.
A Nicolet NEXUS 470 Fourier-transform infrared spectrometer with a diffuse reflectance attachment was used to measure the films' spectra over 160 scans at a resolution of 4 cm -1 . The reflectance spectra of the samples were rationed against an Al mirror background reference. H 2 O and CO 2 were purged by nitrogen from the attachment before the experiments.
Anti-fog Property Testing. Anti-fog behavior was measured 7 days after extrusion under refrigerated conditions using room temperature water. The initial anti-fog rating of the films is evaluated according to the hot fog test: a 250 ml glass beaker, containing about 50 ml of water and covered with the film to be evaluated, was immersed to about 1/2 of its height in a water bath at 60 °C. The accelerated anti-fog rating and the anti-mist rating of the films were evaluated as described in Table 2 .
Results and Discussion
Mechanical Properties. The films were tested for their tensile strength in both the machine and transverse directions. The effect of various contents of micrometer diatomite on the tensile strength and elongation at break of LDPE/diatomite composite films are shown in Table 1 . It is observed that with an increase in the concentration of diatomite, the tensile strength and Young's modulus did not significantly change for both the machine and transverse directions with increasing contents of diatomite in the composites. It was observed that the tensile strength does not show any decrease, and the elongation at break shows a small decrease. Since the inorganic diatomite will form defect centres inside the polymer, crack formation and propagation may start at lower values of elongation. Since there are fairly low amounts of diatomite in the polymer films, the influence on the elongation at break is fairly insignificant.
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Packaging Science and Technology FT-IR Characterization. The IR spectra of natural diatomite are shown in Fig. 1 . Because the major composition of the diatomite sample was silicon oxide, the IR spectra exhibit a series of transmission bands, as expected. The peaks found at 3676 cm -1 of natural raw diatomite are attributed to the OH vibration mode [3] . The broad band centered on 3423-3441 cm -1 is attributed to the OH vibration mode of the physically adsorbed H 2 O [4] . The FT-IR spectral band intensities of the natural diatomite were at 1630, 1095, 793, 671, and 471 cm −1 . The band at 1630 cm −1 is assigned to the bending vibration of adsorbed water. In the low wave number region, there were up to 5 characteristic bands of natural diatomite, and the bands at 1095 cm −1 were mainly attributed to the siloxane (Si-O-Si) stretching of amorphous silica. The band at 793 cm −1 corresponds to a Si-O-Si bending vibration, while the 671 and 471 cm −1 bands were due to O-Si-O bending [5, 6, 7] . The band at 1735 cm −1 may be assigned to carbonyl group stretching of the antifogging agent. The C-H absorption band of the antifogging agent is easy to resolve at around 1469 cm -1 . The Si-O stretching vibrations are assigned at around 1019 cm -1 and 1090 cm -1 . These bands were enlarged and shifted after diatomite surface treatment, as shown in Fig. 1(c) . Characterization of the Anti-fog Properties. Initial antifogging results for the films containing antifogging additives are listed in Table 2 . These antifogging additives include self-made acrylamide which is used as an antifogging agent for LDPE film. The film containing no antifogging additive remained foggy throughout the 48 hour test period. The film containing 1% antifogging agent/diatomite retained condensate in the form of small to large drops for the 48 hours. The LDPE compounds containing 0.5% antifogging additives/diatomite by surface treatment remained foggy throughout the test period. The film containing 1% antifogging agent/diatomite by surface treatment remained foggy for 24 hours and then cleared with no condensate formation after Applied Mechanics and Materials Vol. 200 349 48 hours. LDPE with 1.5% antifogging agent/diatomite by surface treatment had a streak of fog for one hour, but for the rest of the testing period it remained clear with no condensate formation. Diatomite has a unique large surface area and good adsorption capability. Moreover, diatomite has good stability and dispersive properties. The antifogging agent is therefore easily adsorbed onto diatomite, and this mono-dispersed antifogging agent therefore has an improved efficiency. The anti-fog durability of the films modified by inorganic micrometer diatomite has been prolonged. 
Conclusions
Self-made antifogging agent together with polyacrylamide has been found to be effective antifogging additives for LDPE films. The composite films of LDPE with the antifogging agent mixed with inorganic micrometer diatomite and self-made antifogging agent provided better antifogging properties and durability at 1.5% loading than the LDPE with antifogging agent. The diatomite had an insignificant influence on the tensile strength, for both the machine and transverse directions, and the Young's modulus of the LDPE film. The anti-fog durability of the films modified by inorganic micrometer diatomite has been further prolonged because of the diatomite's unique large surface area and adsorption capability.
